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生变化时，原本被掩盖的时间常数可重新在 EIS 谱图显现。 








4. 基于 SMET/STM 联用系统，充分发挥了扫描微参比电极（SRET）模块
在局部腐蚀活性点原位监测的优势，发展了腐蚀活性点局部电化学信息“定位”
测试的新方法。建立了腐蚀发展过程中对金属表面不同活性点位置 Z 方向上电
位、物质浓度分布曲线的测试方法。结果表明，对于 18-8 不锈钢在 FeCl3 溶液中，
随着探针靠近电极表面，在腐蚀活性位点位置 Z 方向的电位分布（Eprobe）表现






























Corrosion of steel rebar in concrete is the main cause inducing degradation of 
reinforced concrete structures, which has brought serious problems of safety and 
durability, and resulted in huge economic losses in society. It is an urgent task to 
develop some advanced and suitable electrochemical techniques for studying the 
corrosion of rebar in concrete which is a typical complex system. Meanwhile, due to 
the dynamic and un-uniform features of the corrosion initiation and propagation, 
monitoring the localized corrosion development at corrosion active site in real time 
with high spatial resolution is of significance for further understanding the mechanism 
of corrosion initiation and propagation for rebar in concrete, though it faced 
difficulties and challenges in development of suitable research methods. The 
traditional electrochemical techniques have become insufficient for an in-depth study 
of such complicated local corrosion system. Novel electrochemical techniques being 
able to perform measurements at different corrosion active site have become a key for 
efficiently studying the localized corrosion. In this thesis, a home-built STM aided 
scanning micro-electrode technique (SMET) was developed, and cooperated with 
other electrochemical and non-electrochemical techniques, and it is mainly applied to 
comprehensively study the corrosion behavior of the steel rebar in simulated 
carbonated concrete pore solution (SCCPS) environments. The main progress and 
achievements in this thesis are listed as follows:  
1. Corrosion behaviors of the carbon steel in SCCPS with different chloride 
content were studied simultaneously by liner polarization resistance and 
electrochemical impedance spectroscopy. According to the equivalent circuit with two 
RC loops, the influence of the chloride on the corrosion behaviors of steel in SCCPS 
was analyzed based on the variations of Ecorr, icorr, Rct, Rf and other corrosion 
parameters. It demonstrated that the equivalent circuit with two RC loops was suitable 















various Cl- concentrations. It was found that the passive film on steel surface was 
growing with immersion time if the chloride content was under a critical value. 
However, once the chloride concentration exceeded its threshold value, the passive 
film became less protection and the local breakdown happened with the increase of 
exposure time. The results also suggested the EIS is a powerful tool to investigate the 
chloride-induced pitting corrosion. 
2. A method for in-situ measuring the variations of resistance of the concrete 
layer was built in lab successfully to study the influence of chloride diffusion and 
thickness on the resistance of the concrete layer. Meanwhile, the effect of the concrete 
layer on the EIS measurements of corrosion behavior was also investigated for the 
rebar in SCCPS. The results showed that the chloride content which penetrated the 
concrete layer was not linear with the immersion time. In chloride solution, the 
resistance of the concrete layer decreased at initial time and nearly kept a stable value 
after a certain time. When EIS technique was employed to study the corrosion 
behavior of the carbon steel in concrete environment, it was demonstrated that the 
concrete layer existing on the steel surface was a factor to separate the time constants 
in Nyquist or Bode plot especially in high frequency region. However, once the 
difference between the resistance of concrete layer and the corrosion resistance of the 
steel became large enough, the separation of the time constants would be permitted in 
EIS spectra. 
3. The STM aided scanning microelectrode measurement defined as SMET/STM 
system was improved and optimized to enhance its spatial resolution and working 
stability. Furthermore, the SMET/STM system was firstly used to study the localized 
corrosion of rebar in SCCPS, the STM topographies at the active and passive sites 
were in-situ traced during the localized corrosion process, and especially, the local 
evolutions of topography and electrochemical activeness were concurrently imaged.  
It revealed that there were two types of localized corrosion (pitting corrosion and 
selected dissolution) occurring on surface for steel in pH=11 SCCPS with 0.001M 
NaCl, and the selected dissolution preferentially took place in the vicinity of pitting 
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